Abstract
Introduction

34
During the last two decades many synchrotron beamlines specialized in X-ray 35 absorption spectroscopy (XAS) have increased their instrumental performance 36 enormously. While recording a single spectrum used to take several tens of minutes, 37 now it can be recorded in less than 10 seconds or even in the order of milliseconds 1 .
38
This has opened up the way to perform in situ and operando XAS experiments with analysis. The advantage of MCR extracted components is that they can be treated as 52 conventional XAS spectra.
53
In a XAS experiment the X-ray energy is scanned over and beyond the absorption 54 edge and the intensity before and after the sample is recorded. to extract the concentration C and spectra S matrices from only the experimental data 138
Matrix D* is the data matrix produced by principal component analysis (PCA) 27 for 139 the selected number of components. Matrix C + is the pseudo-inverse (as matrix C is 140 not necessarily square) of matrix C and (S T ) + is the pseudo-inverse of the matrix S T .
141
Iterative optimization is performed until convergence is achieved or a specified 142 number of iterations is reached. 
Sample preparation
144
A Fischer-Tropsch synthesis catalyst, cobalt-rhenium supported on high surface area 145 γ-Al2O3, was chosen as our model system 28 . The catalysts were prepared by a co-in de-ionized water and the solution was impregnated on γ-Al2O3. The catalysts were 148 dried in air for 3 hours at 393 K followed by calcination in air for 16 hours at 573 K.
149
The average cobalt particle size was ca. Prior to the averaging procedure the studied system should be allowed to reach a quasi 
199
From the second cycle onwards the temporal response of the spectra at each cycle was 200 identical (Fig. 2b) , thus a quasi steady-state was reached after the first cycle. This is pre-treatment procedures were performed using MATLAB software. As a result, one 204 averaged cycle is produced with significantly improved S/N (Fig. 2c) . The averaged
205
EXAFS data were used for data processing by MCR. constrained the MCR analysis to non-negativity for spectra and concentration profiles.
220
Here the data matrix D is expressed by the matrices of "MCR pure component" Furthermore, it has to be mentioned that the averaged dataset, absorption coefficient
246
(mu) as a function of X-ray energy and time, is processed by the MCR-ALS algorithm.
247
The physically more meaningful interpretation is done only after standard EXAFS 248 analysis, in brief Fourier transform, on the MCR-ALS extracted component spectra. all low-noise components need to be examined for meaningful chemical interpretation.
271
In this work, we present both cases as an illustration of both 2-and 3-component cases 272 and potential pitfalls in using MCR for blind source spectral separation.
274
Results and discussion
275
The MCR procedure delivers individual component spectra that can be processed as 276 conventional EXAFS spectra. To illustrate this, we first perform the EXAFS analysis . 4 ). For the sake of clear comparison between the two components,
296
FT curves were normalized to the highest peak. Fig. 5b shows that there is a 297 significant difference between the components, implying that the two components components and of the cobalt containing standards are compared (Fig. 6 ).
301
The most intense peak of component 1 clearly resembles the main peak of cobalt 
331
Note that the number of components used in the extraction is an important parameter 332 to be precisely determined, as it could also have a large effect on the shape of 333 extracted components. Again, for better understanding of chemical transitions,
334
analysis of the Fourier transforms of the extracted components was performed first.
335
Conventional data processing including the background subtraction, edge shift and of CoO (Fig. 7b, 8-10th scan number). After switching to hydrogen flow Co3O4 is 345 partially reduced to CoO (Fig. 7b, 17-20th 
373
It is also worth noting that, thanks to the modulative nature of our experiments, the 374 detection limits as well as the data size can be pushed down by averaging many cycles.
375
The latter data size reduction advantage can be very practical considering the 
